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RECOMMENDATIONS 


It  is  recommended  that  prototype  components  be  fabricated  and  tested 
under  actual  firing  conditions  to  determine  suitability'  of  design.  It  Is 
recommended  that,  upon  acceptance  of  design,  molds  be  fabricated  and  a 
glass  filled  epoxy-molding  material  such  as  Scotchply  1100  be  used  for 
production  of  end  items  requiring  high  strength. 


,  INTRODUCTION 

Xhe  Pia.stws  and  Packaging  Laboratory  at  Picatinny  was  requested  by 
\tai«fvliei  A^senaf  fo  analyze  strain  gage  data  obtained  by  ttatervliet 

«« the  Litpad  asscribly  for  the  81  mm  mortar  and  from  such  data, 
to  «jetefmtn<?  rtc  Ica.sttiifity  of  replacing  existing  metal  components  of  the 
<nort*t  .t.ssembly  with  lightweight  plastic  parts.  The  use  of  high  strength, 
ligTitwelgTit  plastJss  f#r  ihis  apqpltcation  wn.s  considered  desirable  as  a 
mtaias  «!<  iightenfng  an<l  making  more  portable  an  assembly  designed  for 
•sc  a«(J  fcantMIuqi  soidiets.* 

DISQUSSION  • 

sWaIn  •Jill. I  tcseivcil  Afsenai  was  ebtained 

4^firig  atciti.tl  fttings  pf  the  mortal,  i4c«tnngulat  sualn  rosettes  con.sistTng 
(gf  Ciiu«^  lai*T  turt  iif  4ti°  ant?  aitgf cs  to  ca«l»  t>t he*  were  iised^tct 

HttltiqiW'e  suajn  Icg.s 

Two  Cj*?  Cj’pe  flifara  M  tneOsu^ 

vi  tUe  pTattv, 

tftta  Dp  |Lc*  |^(.st  Jt)  fauijtUj  ti»a|  tAig  ftfCgs  agflng 
01$  tfig  Jeg»  Ate  .so|t;t|r  ♦x»alj  tfUci  WsxtgmJiDr  «<9nqj^«4ll 

th«  4«g-sr  swei*  i/f  #2i|^  fUKciJfe®  j«#ge  isDpt  "^^SDetDre^ 

on  the  remaining  itftvtA f |> jt'  iffifi  Oxtail 
wa.s  used.  HlaxIorWiw  f*fvsVtiv« 
stress  val  ucs  w,f1^6t  fDisjtifeJ  4*  (|c  ffDtfucI  <)f 
Modulus  fsea T«Mfc*3f  I*  l-JJ* 


r) 


Review  of  this  reported  strain  gage  data  by'  Picatinny  Arsenal  indicated 
that  the  number  of  gages  placed  aiound  the  bipod  legs  was  not  sufficient 
for  determining  the  actual  maxintiim  stress.  Therefore,  an  engineering 
approach  utilizing  an  iteration  ptoaess  was  tried  and  successfully  used 
(see  Appendix  A)  to  determine  she  maximum  stress. 

DstsrmiiMtlen  of  Tsntllt  Bunding  (ojg)  and  Cemprsitlvu  Struttus  {oq)  in  Right  Lug 

From  the  firing  data  reported  to  Picatinny  Assenal  by  Watervliet  Arsenal, 
it  was  observed  that  the  right  leg  of  the  bipod  experienced  a  compressive 
load  of  6670  psi  after  11.4  milliseconds  after  firing  (see  Table  3).  After 
40.4  milliseconds,  a  stress  reversal  occurred  in  which  this  compressive 
stress  changed  to  a  tensile  stress  of|i7,980  psi.  It  is  important  to  note 
that  the  stresses  reported  in  the  data  and  substantiated  by  Watervliet 
Arsenal  are  the  sums  or  resultants  of  the  tensile  bending  stress  (o.j.3)  and 
the  compressive  stress  (o^).lt  must  therefore  be  assumed  that  there  exists 
a  tensile  stress  (due  to  bending)  such  that,  when  a  compressive  stress  of 
6,670  psi  is  added  to  it,  the  resultant  is  a  tensile  stress  of  17,980  psi.  The 
reason  is  that  both  tensile  and  compressive  stresses  can  conceivably  be 
appliecP simultaneously.  Thus,  by  numerically  adding  the  compressive  and 
tensile  stresses  reported  in  the  data,  values  for  0^3  and  oq  are  deter¬ 
mined  (see  Appendix  A^.  For  this  parti^ulap  example,  073^®  determined  to 
be  24,650  psi  and  <»q  is  6,770  psi.  This  procedure  is  continued  for  each 
of  ftte  six  test  rounds  to  determine  <773  and  uq  for  each  case.  Use  of  the  * 
maximum  values  of  cU7b  and  will  represent  the  maltimum  possible  load¬ 
ing  condition  whfch  can  be  sensed  by  the  right  bipod  leg.  The  values  thus 
determined  are; 

u  0 

*  a  =  24,650  psi 

TB 

=  13«7fc  psa 

m 

It  is  important  t#  ifi^fmpiadfzgiKat  Aesf  stress  values  are  resultant 
stresses;  each  beingBTi4  sum«f  a  fensde  le*tvdfng  stress  and  a  compressive 
stress.  Also,  thal^  is f«6s4^ CtP^biafn  dhesf  Values  Pf«m  at>  infinite 
number  of  censife  an|  Idtapl^ssVe  streau^foi  ^au^Te^  flipp#ugche 
leg  assembly  is  sut^fle^  s^ulfg^e^u^y  UV  a  ggnsTle  bgndgng  streas  of 
9^980  psi  and  a  §Bm^essi^s((tf9d*t  TO^IOO^s^^hf  fgittkanl  sff$ia 
would  be  17,98(|fsi.  If  M  seen|Tial  Ais  Is  gxaetPy  thg  i(a5u«  sirgss 
reported  by  the  yrt  It  Is  •  ea^  ifte  r^x^unt4tfes^ 


as  demoQstrated,  since  the  ir>aximun]  recorded  stress  is  a  fucccloo  of  the 
time  lag  in  applied  loads.  Similarly,  a  reverse  procedure  can  be  made  to 
yield  a  negative  value  of  stress,  i. e.,  6,770  psi. 

In  order  to  limit  the  many  possible  choices  of  bending  and  compressive 
stresses,  it  will  be  assumed,  and  reasonably  so,  that  approximately  15"  of 
the  reactive  force  (or  12,000  lb)  is  transmitted  to  the  bipod  in  the  form  of 
friction  (F^see  Fig  3).  Having  established  this  criterion,  an  iteration  proc¬ 
ess  will  now  be  used  to  converge  upon  the  final  design  stress  values.  This 
is  accomplished  by  substituting  various  combinations  of  stresses  the  sum  of 
which  is  a  plus *17,980  psi  into  Equation  6  (Appendix  A)  until  the  desired 
value  of  Fj  is  obtained.  When  this  condition  is  satisfied,  the  maximum 

design  value  for  17.J.3  is  obtained.  This  same  procedure  is  repeated  for 
various  values  of  stresses  yielding  a  resultant  stress  of  a  minus  6,770  psi. 
Similarly,  when  these  values  are  substituted  into  Equation  6  until  the 
desired  value  of  F(  is  obtained,  a  maximum  value  of  a,-  is  also  obtained. 

It  can  be  shown  by  this  iteration  process  that  there  are  two  sets  of 
values  that  will  yield  F^  equal  to  12^000  pounds  • 

•  • 

(a)  (7  =  33,000  psi 

TB  , 

•  • 

=  16,0(j(}  psi 


(b)  Oj-g  =  3,000  psi  • 
psi 

Since  the  values  Tn  (a)  eep^esent  the  mote  extie.me  ease,  these  values 
will  be  used  for  design  purposes*  It  Js  Interesting  to  note  ih%t  they  are  in 
reasonably  good  agreement  with  »lie  maximutit  vattfs  (5tte»m*ned  from  the 
data;  i.  e-.o-pg  =  24,653  psi  and  ajp  =  psT* 

From  Equation  6,  u  is  tbyTous  ihai  T»  l^e  major  cwitrRuting  factor 
since  the  coefficient  of  cr^gis  very  tmaU  comfatel  to  that  of  op;.  For  all 
practical  purposes,  Ff  Is  m  funct?om#f  •niy.  This  fa«t  also  agrees  with 

the  comments  reported  on  the  dat^  to  «lief I  that  strain  rosfettes  are 

not  needed  since  m.ost  of  the  stress  is  cem^ilyssiva* 


4 


HmiHiwn 


Substitution  of  these  values  into  Eg^uation  5  (see  Appendix  A)  yields 
the  following  equation  for  frictional  force: 


Fj  =V(26.2x  10-^)c7tb  ^  (-652)0^’ 

♦  * 

Using  the  iteration  method,  the  maximum  design  stresses  are  determined 
to  be  • 


(1) 


*  =  44,000  psj^  • 

=  17,000  psi  • 

Here  again  the  stresses  are  in  reasonably  g^d  agreement  fith  those  deter¬ 
mined  from  the  da»a  • 

•  • 

a_n  =  27,260  psi  ® 

•  *“ 

=1 1,890  psi 

Substituting  the  calculated  values  for  073  Equation  5  (in 

Appendix  A)  yields  a  fricitonal  force  for  the  right  and  left  leg  Respectively, 

*  F^=  12,540  lb 

(R  A 


F  =  13,560  lb 


1 


pounds.  Note  that  t^s  _value  does  not  depart  significantly 
from  the  15%  (or  12,000  pounds)  originally  assumed.  If  the  calculated  value 
for  (7(-  for  left  and  right  leg  is  substituted  into  Equation  2d  and  4b  respec¬ 
tively  (Appendix  A)  an  of  15,140  pounds  is  obtained. 


At  this  point,  all  the  forces  acting  on  the  system  are  known  and  a  de¬ 
tailed  stress  analysis  can  be  made  of  the  various  components. 


Stratiat  Induced  in  Plastic  Components 


Hub  Connection 


It  is  contemplated  that  the  yoke  and  the  tube  housing  will  be  fastened 
to  each  other  by  bonding  with  an  epoxy  adhesive  rather  than  by  the  use  of 
screws.  The  applied  load  Fy  will  thus  induce  an  interfacial  shear 

rr  ravg 

stress  (see  Fig  I,  pg  8). 


15,140 


15,140 


rrDh  n  (1.6875)  (1.75) 


■  =  1,635  psi 


I'hich  is  well  below  the  design  value  of  3000  psi  for  epoxy  resins. 


Upon  firing,  shaft  A  (Fig  2,  p  9)  imparts  a  bearing  load  to  the  case, 
with  a  resulting  bearing  stress  of 


f; 

_ Liii. 


15,140 


A  iL  (1.6895’ -  1.375’) 

4  i 


•  =  20,100  psi 


Tube  Housing  , 

The  force  acting  on  the  left  leg,  for  a  calculated  stress  of  44,000  psi  is 


(7„  21  44,000(2)  (.0328) 

=(Ftb)l=  - —  = - ; - 

^  ^  c!  (.476)  (27) 


6 


Similarly,  a  stress  of  33,000  psi  will  induce  a  force  in  the  rlgllt  lag  of 

.  3^000a)1..498) 

's  (.S65)(27) 


the  average  force  being 


(F  )  -^BR.^  220  1b, 

TB*''*  2 


The  tube  housing  shaft  B  (Fig  I)  will  act  as  a  solid  shaft  during  firing 
since  shafts  A  and  B  are  coaxial.  The  moment  of  inertia  is 


Ih  =  -  (rf)*  =  ~(1.6895)‘  =  .402  in.* 

64  64 

The  stress  due  to  bending  in  the  tube  housing  is 

•  • 

.Me  Ic  (220)  6  f  1.6895  \  , 

Ob,  -  J  -(FtbW  I  ■  ,402  \  2  / 

,  Ob  =  2,780  psi 

The  bearing  stress  of  20,100  psi  imparted  to  the  case  is  the  same  com¬ 
pressive  stress  as  exists  in  the  housing.  Thus  the  total  stress  in  the  tube 
housing  is  the  sum  of  the  bending  and  compressive  stresses, 

Ot  =  ^  Oq  =  2,780  +  20,100  =  22,880  psi. 

It  is  to  be  noted  that  the  cover  and  body  and  the  yoke  ring  components 
do  not  sense  any  significant  stresses  since  the  only  applied  load  is  the 
inertia  of  their  own  weight.  However,  the  yoke  ring  must  withstand  a 
sustained  shear  load  at  temperatures  of  400°-  500°F  for  periods  of  1^-30 
minutes. 


The  maximum  moment  occurs  at  section  AA  (see  Fig  f),  with  a-m'am^" 
of  inertia  equal  to 

and  section  BB  has  a  smaller  moment  of  inertia 


BB 


=  —  (.312) 
12 


174  ln.‘ 


The  corresponding  bending  moments  are 


Maa 


1. 


15,140 

— ^  (1.25)  =  9,460  in.-lb 


(•72)  =  5,440  in.-lb 

DD  2 


and  the  bending  stresses  are 


AA 


=  .Mc=  9.460 
I  .297 


17 

\16/ 


,900  psi 


5,440 
<^53  -  -7174“ 


|-^j=  17,650  psi 

The  shear  stress  at  section  CC  is, 

15,140 


^.h 


F" 

f«T*/2 


3[2t(.312)(.3)l] 


13,500  psi 


The  schematic  diagram  of  the  elevating  mechanism  (Fig  2,  p  9)  indicates 
the  required  dimensions  of  various  mating  parts.  These  dimensions  were 
determined  in  order  to  preclude  binding  within  the  military  specifications 
temperature  range  of  -65°F  through  160°F.  • 


10 


11 


In  tft'ms  of  5tress^equire^Jents  mentioned  afeove,  titfr"hipod  assenrhdf- 
compboenfs  In  question  can  be  fabricated  from  plastics.  A  molding  mate- 
such  as  a  fiberglass-filled  epoxy  should  readily  fulfill  all  of  the  require¬ 
ments  for  such  plastic  parts. 

If  fabrication  of  prototype  parts  is  desired  this  may  be  accoi^plished  by 
machining  components  from  rolled  tubing.  The  particular  materials  sug¬ 
gested  for  each  prototype  component  are  listed  below  in  order  of  preference 
(1,  2,  3)  on  the  basis  of  strength  and  thermal  properties. 

Comparison  of  design  stress  with  the  calculated  stress  values  indicates 
that  some  of  the  strength  requirements  on  the  rolled  tubing  materials  are 
marginal.  During  the  analysis,  however,  the  worst  possible  conditions  were 
used  in  each  case  and  it  is  recommended  that  materials  with  lower  design 
stress  values  be  test  evaluated. 

TABLE  1 

Cempealtlon  of  eompentnt  porti 

•  1  2  3 


Rsinfsretmant 

Raain 

Ralnfereamanr 

Railn 

Rsinferesmant  *  Rtsin 

Tube 

Cotton  cloth 

Phenolic 

Asbestos 

Phenolic 

Paper 

Phenolic 

Case 

Cotton  cloth 

Phenolic 

Asbestos 

Phenolic 

Piper 

Phenolic 

Bracket 

Paper 

Phenolic 

Asbestos 

• 

phenolic 

Cotton  cloth 

Phenolic 

Body 

Paper 

Phenolic 

Asbestos 

Phenolic 

Cotton  cloth 

Phenolic 

Covet 

Paper 

Phenolic 

Asbestos 

Phenolic 

Cotton  cloth 

Phenolic 

Connector 

Glasa 

Silicone 

Paper 

Phenolic 

Asbestos 

•  Phenolic 

Yoke  ting 

Glass 

Silicone* 

Glass 

Silicone 

Glass 

Silicone 

- ^ . 

'The  silicone  glass  rolled  tubing  has  the  following  physical  properties: 

Thermal  coefficient  of  expansion  =  1.1  x  10  '  cm/cm  °C 
Maximum  operating  tempetaiute,  continuous  =  400°F 

Maximum  operating  temperature,  short  time  =  475°F 


'PhffTeporM’teiBslls’  afld  eompjMaiw  ^ 

in  Table  I  are  as  foUoss; 


table  2 

Matwial  design  ilrangtli  vdliwt 


Material! 

ilnforcamant 

Resin 

T ensile  strength, 
pil 

Cempressive  i 
pel 

Paper 

Phenolic 

10,500 

17,500 

Asbestos 

Phenolic 

8,500 

19,000 

Cotton 

Phenolic 

7,500 

21,000 

Glass 

Silicone 

30,000 

15,000 

The  existing  parts  were  redesigned  for  plastics  (see  Figs  10-16  in 
Appendix  B,  pp  25*31)  taking  into  account  the  thermal  coefficients  of  ex¬ 
pansion  of  the  recommended  plastic  materials. 

Watervliet  Arsenal  did  not  request  fabrication  and  testing  of  the  proposed 
plastic  parts.  This  report,  therefore,  is  a  feasibility  and  design  criteria 
study  only. 


Strain  data  tubmitttd  by  Waftrvlitt  Ariaiwl 


Cqaa  Mavntfd  Vartleolly  ag 


SIpod 

Anglo  of 

Right  Blj»od  Cog 

Round 

Travorat 

Elovollan, 

TImo, 

•  Stroffi, 

StrM*,** 

Tima,* 

StidJ hi 

Numbor 

Position 

dagrssa 

ms 

H  In./ln. 

pil 

ms 

fl  In./ln. 

pal 

323 

Center 

45 

11.4' 

-230 

-6,670 

7.5 

-410 

-11,890 

323 

Center 

45 

40.4 

620 

17,980 

44.6 

530 

15,370 

324 

Center 

45 

12.0 

-210 

-6,090 

8.1 

-230 

-6,670 

324 

Center 

45 

40.2 

270 

7,830 

28.3 

320 

-9,280 

325 

Max  left 

45 

8.4 

-340 

-9,860 

8.8 

-390 

-11,310 

325 

Max  left 

45 

43.9 

380 

11,020 

44.4 

460 

13.340 

326 

Max  left 

45 

8.1 

-310 

-8,990 

_ 

_ 

326 

Max  left 

45 

40.6 

600 

17,400 

- 

- 

- 

327 

Max  right 

45 

9.2 

-400 

-11,600 

_ 

_ 

_ 

327 

Max  right 

•  45 

36.4 

350 

10,150 

- 

- 

- 

328 

.Max  right 

45 

14.2 

—440 

-12,760 

8.3 

-390 

-11,310 

328 

Max  tight 

45 

38.5 

320 

9,280 

46.5 

390 

11,310 

329 

Center 

65 

16.9 

-410 

-11,890 

11.6 

-400 

-11,600 

329 

Center 

65 

a  43.9 

330 

9,570 

46.8 

520 

15,080 

330 

Center 

65 

8.4 

-370 

-10,730 

14.1 

-260 

-7,540 

330 

Center 

65 

39.5 

370 

10,730 

33.8 

250 

7,250 

331 

.Max  left 

65 

15.5 

-370 

-10,730 

7.6 

-620 

-17,980 

331 

Max  left 

65 

40.4 

320 

9,280 

44.5 

420 

12^80 

332 

Max  left 

65 

8.5 

-350 

-10,150 

9.5 

-420 

-12,180 

332 

Max  left 

65 

44.8 

360 

10,440 

46.8 

410 

11,890 

333 

.Max  right 

65 

8.9 

-390 

-11,310 

9.3 

-380 

-11,020 

333 

Max  right 

65 

39.5 

250 

7,250 

45.3 

350 

10,150 

334 

Max  tight 

65 

7.2 

-250 

-7,250 

10.0 

-290 

-8,410 

334 

Max  right 

65 

39.0 

240 

6,960 

44.6 

260 

7,540 

335 

Center 

73 

13.8 

-180 

-5,220 

10.1 

-310 

-6,990 

335 

Center 

73 

56.4 

150 

4,350 

35.0 

220 

6,380 

'Time  from  zero  time  (zero  time  =  time  vheo  firit  deflection  is  recorded  on  right  leg). 

"Sueaa  =  atiaio  Y,  where  Y  equala  the  stretch  modulus  of  elasticity  (29  million  for  gun 
steel). 


The  reaction  force  reported  at  the  base  of  the  mortar  banel  was  79,200  pounds. 


APPENDIX  A' 

Dvvalopnwnt  of  Equation  for  Frictional  Foret  (F^) 


Fig  4  81  mm  mortar 


' ’'‘if ! 


« 


Moment  diagram  and  edge  view  of  bipod  assembly 

moment  about  plane  of  bipod  assembly  (x  z  plane) 
moment  in  plane  of  bipod  assembly  (y  z  plane) 
moment  vectors 

resultant  moment  vector  =  Mj  +  Mj 


Fig  6 


M. 

M, 

Ml  &  Mj 
Ml 
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1 


From  Figures  8  a,  b,  and  c  the  following  relations  are  readily  determined 


/f;V  /f;- 


2  1^  \  2 


^f;'V 

y  =(R;)»MRi7 


Fj‘\’ 


(2a) 


(2b) 


(2c) 


Adding  the  orthogonal  equations  (2a),  (2b)  and  (2c)  and  making  the  follow¬ 
ing  substitutions: 


P  •  - 

—  =  F^g  Sin  0 


Ri  = 

'  F-j-b  cos  iA 

f 

—  sin  6 

. 

2  J 

f; 

R"  =  — i  cos  0 
(  2 


(2d) 


we  have  after  simplifying 


(3) 


The  equations  for  bending  and  compressive  stress  for  a  cantilever  are 
respectively, 


M-j-  c  F'j"  g  Ic 

=  —  =  — j —  (Bending)  (4a) 


solving  for  F^g 


F 


TB 


Ic 
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(compressive-)  -(4b) 


solving  for  R^' 


R"  =  A 


1  length  of  bipod  leg,  in. 

c  distance  from  neutral  .nxis  to  extreme  fiber,  in. 

I  moment  of  inertia  of  bipod  leg,  in.* 

A  cross  sectional  area,  in.* 

Fjg  resultant  force  causing  bending,  lb 

R|'  compressive  force  applied  to  bipod  leg,  lb 

Fj  frictional  force,  lb 

a  tensile  stress  due  to  bending,  psi 

T  B 

stress  due  to  compression,  psi 
Oj  total  stress  etj-g  +<7^,  psi. 


Substituting  equations  4a  and  4b  into  equation  3,  we  have. 


=  2 


(.<7,  A)* 


(5) 
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Usin^  the  following  values,  Ff  is  determined  as  a  function  of 

^  =Tr(Do*  "  Dp  =-^  [(1.125)*  -  (.875)*]  =  .0498  in.* 

64  64 

1  =  27  in. 

c  =  —  =  0.563  in. 

2 

A  =  JZ-  (D=  -  D’)  =  0.392  in.’ 

4  °  ‘ 

Substituting  these  values  into  equation  (4),  the  result  for  the  right  bipod 
leg  is, 


Fj  v'(42.96  X  lO"*)  *  (.616) 


(6) 


Since  the  geometry  and  dimensions  of  the  left  and  right  legs  differ, 
Equation  6  is  applicable  to  the  right  bipod  leg  only.  A  similar  expression 
for  the  left  leg  is  presented  in  the  discussion  (Equation  1).  Equations  1 
and  6  differ  only  in  the  coefficie.its  of  and 


The  seven  drawings  contained  in  this  appendix  (Figs  10-1  (j,  pp  25-fi) 
show  how  the  components  of  the  81  mm  mortar  bipod  wottid  have  to  be 
changed,  in  design  and  dimensions,  if  they  were  to  be  manufactured  from, 
plastics.  The  principal  changes  shown  are; 

a.  Relaxation  of  certain  dimensional  tolerances  from  .002  to  .003  inch. 

b.  Deletion  of  instructions  regarding  surface  finish. 

c.  If  grease  cups  are  to  be  used  on  bracket,  allowance  of  sufficient 
clearance  for  bonding  of  cups. 

d.  A  dimensional  change  of  .0055  inch  to  leave  sufficient  clearance 
for  bonding  between  case  and  housing  tube  connector. 

e.  Elimination  of  four  drill  holes  in  bottom  of  cylindrical  portion  of 
case,  because  plastic  parts  would  be  bonded. 

f.  Replacement  of  a  .0615  +  .005  inch  hole  in  the  case  with  a  */,,  inch 
ream. 

g.  A  dimensional  change  in  the  yoke  ring  to  permit  a  clearance  of  at 
least  .005  inch  for  bonding  of  the  yoke  ring. 

All  of  the  drawings  included  are  modifications  of  the  standard  metal 
•  parts  drawings,  to  incorporate  the  above-listed  changes. 
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ig  13  Bracket  (Modification  of  Dwj 
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Commanding  Officer 
Picacinny  Arsenal 

ATTN:  Technical  Information  Section 
Dover,  N.  J, 

Commanding  Officer 
Army  Materiel  Command 
Detachment  No.  1  (ORD) 

ATTN;  Res  Div,  Dr.  Peter  Kosting 
Tempo  I 

Dept  of  the  Army 
Washington  25,  D.  C. 

Commanding  General 
Army  Munitions  Command 
ATTN:  AMSML'-A 
AMSMU-W 
Picatinny  Arsenal 
Dover,  N.  J. 

Plastics  Technical  Evaluation  Center 
ATTN:  Director,  Mr.  H.  Pebly 
A.  Mol  zon 
Picatinny  Arsenal 
Dover,  N.  J. 

Commanding  General 
Ordnance  Weapons  Command 
ATTN:  ORDOW-TX 
Rock  Island,  Illinois 

Commanding  General 

Army  Ordnance  Missile  Command 

ATTN:  ORDXR-OTL,  Technical  Library 

Redstone  Arsenal,  Alabama 
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7 

8 


9  •  10 
11 


12  -  13 


14 

15  •  '9 
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Commanding  Officer 
Detroit  Arsenal 

ATTN:  ORDMC-RMN,  Mr.  John  Reynar 
ORDMC-RRS,  Mr.  D.  R.  Lem 
Center  Line,  Michigan 

Commanding  General 

Aberdeen  Proving  Ground 

ATTN:  Coating  and  Chemical  Laboratory 

Technical  Library,  ORDBG-LM,  Bldg  313 

Maryland 


22 

23  ■  24 


Commanding  General 
White  Sands  Missile  Range 
ATTN:  ORDES-TS-TIB 

OM-WSWL,  Director  WSWL 
ORDBS,  Technical  Library 
New  Mexico 

Commanding  Officer  • 

Frankford  Arsenal 

ATTN:  Pitman-Dunn  Lab^  Dr.  H.  Gisser 
Library  Branch,  0270 
Philadelphia  37,  Pa. 

Commanding  Officer 
Rock  Island  Arsenal 
ATTN:  Laboratory,  .Mr.  R.  F.  Shaw 
Rock  Island,  Illinois  ^ 

Commanding  Officer 

U.  S.  Army  Materials  Research  Agency 

ATTN:  RPD 

Watertown  Arsenal 

Watertown  72,  .Mass. 


Commanding  Officer 
Springfield  Armory 

ATTN:  Res  Chem  Lab,  .Mr.  Zavarella 
Springfield  1,  Mass. 
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Commanding  Officer 
Watervliet  Arsenal 
ATTN:  ORDBF-RR 
ttatervliet,  N.  Y. 

Commanding  General 

U.  S.  Army  Ordnance  Guided  Missile  School 
Redstone  Arsenal,  Alabama 

• 

Commanding  Officer 

Ammunition  Procurement  &  Supply  Agency 
ATTN:  SMUAP 
Joliet,  II linois 

Commanding  General 

Ordnance  Tank- Automotive  Command 

ATTN:  ORDMG- 11-60 

Detroit  Arsenal 

Center  Line,  Michigan 

Commanding  Officer 
Watertown  Arsenal 

ATTN:  Technical  Information  Section 
Watertown  72,  Mass. 

Commanding  Officer 

Harry  Diamond  Ordnance  Fuze  Laboratories 
ATTN:  Technical  Reference  Section 
A.  A.  Benderly 

Connecticut  Ave  and  Van  Ness  St,  NW 
Washington  25,  D.  C. 

Commanding  General 

U.  S.  Army  Signal  Research  and  Development 
Laboratories 

ATTN:  SIG-FM/EL-PEM-l-d 
Mr.  E.  Scekman 
Fort  Monmouth,  N.  J. 
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39 


40 

41 
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Chemical  Corps 

Chemical  Research  and  Development  Labs  ® 

ATTN:  .Mr.  T.  A.  Treglia 
Army  Chemical  Center,  Maryland 

Chemical  Corps 

Chemical  Center  and  Chemical  Corps  Materiel  Command 
ATTN:  ^Mr.  A.  A.  Cooke,  CML  AM-M-ZP-44 
Army  Chemical  Center,  Maryland 

Commanding  Officer 

Engineer  Research  and  Development  Laboratories 
Materials  Branch 
ATTN:  Mr.  Philip  Mitton 
Mr.  S.  Goldfein 
Fort  Belvoir,  Virginia 

Commanding  General 

Quartermaster  Research  and  Engineering  Center  ^ 
ATTN;  Clothing  and  Organic  Materials  Div 
Natick,  Mass. 

Office,  Chief  of  Transportation 
Dept  of  the  Army 

ATTN;  Mr.  John  Stolarick,  TCARO-R 
Washington  25,  D.  C. 

L.  S.  Army  Transportation  Research  Command 
Fort  Eustis 

ATTN:  .Mr.  J.  E.  Forehand,  Aviation  Directorate  * 
Mr.  H.  I.  Krellen,  Surface  Mobility  Directorate 

Virginia 

^3ept  of  the  Navy 
Office  of  Naval  Research 
ATTN:  Code  423 
Washington  25,  D.  C. 


■-3 


Dept  of  the  Navy 
Bureua  of  Ships 
Hull  Division 

Materials  Development  and  Applications  Branch 
ATTN;  Mr.  J.  B.  Alfers,  Code  634C 
S'ashington  25,  D.  C. 

U.  S.  Naval  Ordnance  Laboratory 
ATTN;  Mr.  H.  A.  Perry 

Mr.  F.  R.  Barnet.  Chief,  Nonmetallic 
Materials  Division 

'Shite  Oak 

Silver  Spring,  Maryland 

Commander  ^ 

Naval  Research  Laboratory 
ATTN;  Technical  Information  Officer 
Anacostia  Station 
Washington  25,  D.  C. 

Commander 

New  York  Naval  Shipyard 

ATTN:  R.  R.  Sinans  •  • 

•Material  Laboratory  (Code  948) 

Brooklyn  1,  N.  Y. 

Dept  of  the  Navy 
Bureau  of  Naval  Weapons 
ATTN:  RRMA 

Airborne  Equipment  Division  ® 
Washington  25,  D.  C. 

I 

Dept  of  the  Navy  ^ 

Bureau  of  Supplies  and  Accounts 
ATTN:  Mr.  H.  Lapidus 
Code  S-82 

Washington  25,  D.  C. 
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Naval  Weapons  Station 
Research  and  Development  Division 
ATTN: '  Mr.  ,IL  Cormier 
Yorktown,  Virginia 

Aeronautical  Materials  Laboratory 

Naval  Air  Materials  Center 

ATTN:  Mr.  E.  K.  Rishel,  Head,  Plastics  Branch 

Philadelphia  12,  Pa. 

Naval  Weapons  Laboratory 
ATTN:  Mr.  R.  Tom  (Code  WCD) 

Dahlgren,  Virginia 

Dept  of  the  Navy 

Bureau  of  Naval  Weapons  Research, 

Development  Test,  and  Development 
ATTN:  Mr.  P.  M.  Goodwin,  Head,  Nonmetals 
Branch  (RRMA-3) 

Washington  25,  D.  C. 

• 

Naval  Air  Development  Center 

Aeronautical,  Electronic,  and  Electrical  Laboratory 
ATTN:  Dr.  H.  R.  Moore,  Head,  Materials  and 
Process  Branch 
Johnsville,  Pa. 

Commander  (Code  5557) 

U.  S.  Naval  Ordnance  Test  Station 
Inyokern 

China  Lake,  California 

• 

David  Taylor  Model  Basin  ® 

ATTN;  Mr.  A.  R.  Willner,  Head,  Materials 
Research  Branch 
Washington  7,  D-  C- 
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•Commander 

Aeronautical  Systems  Division 
Wright-Patterson  Air  Force  Base 
ATTN:  Mr.  R.  T.  Schwartz,  ASRCNC 
Mr.  Peterson,  ASRCNC-1 
Dayton,  Ohio 

Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia 

• 

Dr.  W.  R.  Lucas  (.M-S  and  M*M) 

George  C.  Marshall  Space  Flight  Center 
Huntsville,  Alabama  ® 

Sandia  Corporation 
Sandia  Base 
Albuquerque,  N.  .M. 


70  ■  79 


Sandia  Cor^ration 
Livermore  Laboratory 
ATT.N:  Librarian 
P.  0.  Box  969 
Livermore,  California 

Interservice  Data  Exchange  Program 
AOMC  IDEP  Office 
ATTN:  R.  A.  Ham,  ORDX.M-RCS 
Redstone  Arsenal,  Alabama 


83  •  84 


Commanding  Officer 
Watervleit  Arsenal 
ATTN:  ORDBB-VP 
'^'atervleit,  N.  Y. 


85  •  89 


fti  m  o  n F 

Naval  Research  Laboratory 
ATTN:  Joseph  Kies  (Code  6210) 
Anacostia  Station 
Washington  25,  D.  C. 
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David  Taylor  Model  Basin 
Structural  Mechanics  Laboratory 
ATTN:  Mr,  J.  Buhl  (Code  732) 
Washington  7,  D.  C. 

Commanding  General 
Manufacturing  Technique  Laboratory 
Aeronautical  System  Division 
Chemical  Engineering  Branch 
Wright-Patterson  Air  Force  Base 
ATTN:  Mr.  Charles  Tanis 
Dayton,  Ohio 
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